Separation of circulating tumor cells (CTC) from the blood without using antibodies is a key challenge in the diagnosis of cancer. This article has reviewed few antibody-independent techniques governed by cell size on microfluidics platform. Microdevices employing micro-pore filters, dielectrophoresis, acoustophoresis and inertia that is popular in various research labs are studied in detail from the literature and discussed shortly. The inertia based technique in spiral microchannel seems to be more promising towards the development of future point-of-care (POC) microdevices for CTCs separation. 
introduction
Microfluidics deals with the manipulation of micron litre of fluid volume inside the micron sized flow conduits. Microfluidics based devices provide various advantages such as the requirement of less samples/ reagents volume, fast reaction and therefore quick response time (because of large surface-to-volume ratio), laminar flow, low cost, high throughput, minimal sample loss (because of one step process). Because of these advantages microfluidics based devices find applications in various industries such as, electronics, chemical, medical, agriculture, marine etc. The global market for microfluidics based devices is expected to reach $3.57 billion and $8.64 billion respectively by 2018 and 2023 [1, 2] from its earlier value of $1.59 billion in 2013. Such economic prediction is usually based on the market requirement and the industries investment towards research and development. However, despite of such promising economic survey very few micro devices are successfully able to launch in the consumer market. Difficulty lies in terms of dependency and complex integration of the microdevices with conventional scale instrumentation.
This review article discusses the progress of one such microdevice needed in diagnosis of cancer. After heart diseases cancer is the second leading cause of morbidity and mortality worldwide. Approximately 14 million new cases are reported in 2012 which is expected to rise by about 70% leading to 23.8 million in the next two decades [3] . According to the World Health Organization (WHO), at least 30% of these deaths would be preventable, if patients are diagnosed and treated before cancer metastases occur which is believed to be a major cause of cancer related deaths. Cancer metastases arise after distribution of CTCs into the blood stream from its primary or secondary tumor sites. Identification of CTCs in the blood stream is non-trivial given the frequency of occurrence i.e. ~1 in 10 7 leukocytes.
Therefore, separation of CTCs from the population of healthy blood cells is foremost step in the study of cancer cells. Ideal separation technique must be able to provide high purity and recovery rates while maintaining CTCs alive and intact for morphological and molecular analysis. High throughput is the other requirement to achieve more alive CTCs in a given time span. Numerous approaches developed, to separate CTCs at the conventional scale lack the requirements mentioned above. The only FDA approved technique by CellSearch TM is well-known for batch processing [4] . However, this system employs an immuno-magnetic approach to capture CTCs which leads to loss of rare cell (CTCs) during their tagging with magnetic beads using multiple pipetting. Also, this technique requires antibodies and valid only for isolating known cancer cells. Microfluidics based cell separation is therefore useful to overcome the limitations in the existing conventional scale system. This review article summarizes some of the promising microfluidics based cell separation techniques available in the literatures.
Microfluidics based cell/CTCs separation techniques
Microfluidic based CTCs separation technique can be classified into passive and active methods. It is also classified into, with and without biomarker based approach. Biomarker based approaches are more specific but only applicable to the known cancer cells. Further, the cost of antibodies makes this approach unsustainable. Therefore, this work mainly focuses on the methods which are independent of biomarkers.
Filter based method
Tan et al. proposed the label-free approach for separating cancer cells from breast and colon origin from the blood using crescent-shaped filter, microdevice casted into poly(dimethylsiloxane) (PDMS) and bonded on glass substrate [5] . They utilized the larger size and stiffer characteristic of the cancer cells compared to blood constituents for this purpose. Isolation efficiency of the proposed microdevice is reported to be 80% for separation of MCF-7, MDA-MB231 and HT-29.
Zheng et al. reported a three dimensional microfilter device where position of the top and bottom membrane shifted as shown in Figure 2 [6] . Bottom filter is etched in silicon wafer using wet etching whereas, top filter patterned in parylene using oxygen plasma. A known number of CFSE labeled MCF-7 cells were introduced into the healthy blood. They reported 86.5 ± 5.3% capture efficiency which is comparable to their earlier reported efficiency for two dimensional filter based microdevice. However, careful comparison of 3D and 2D filter shows that 3D filter is able to capture intact MCF-7 cells preserving their membrane whereas 2D filter fails to do so and cells undergo lysis. Micropore filtration based microdevices facilitate the label-free approach to enrich the CTCs using the biophysical rather biochemical characteristics of the cancer cells. However, these devices are prone to clogging and therefore not so popular among research communities.
Acoustophoresis based method
Acoustophoresis is the method of separating particles using acoustic radiation resonance.
Flowing particles of different size, shape first align at the nodal points of the interfering waves as shown at section a-a (Figure 4 ). These aligned particles are 
Dielectrophoresis based method
Dielectrophoresis (DEP) based cell separation is an antigen-independent phenomenon that depends on cell dielectric properties which in turn function of cell morphology and membrane surface area. Few research groups explored the possibility of using DEP to separate the CTCs. Shim et al. developed the continuous flow dielectrophoretic fieldflow-fractionation (DEP-FFF) approach in which continuous flow of a low conductivity eluate is maintained to have Poisseuille flow [7] (Figure 3a) . This method is reported to be capable of separating the CTCs of any type irrespective of their tissue type and origin. This process is also capable of processing large sample volume (10 ml) compared to only DEP based system. DEP based micro devices provide good capturing efficiency of around 90%. antibodies [7] .
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further separated out with larger particle flows at the center and smaller particle away from the center as shown at section b-b (Figure 4a, c) . Antfolk et al. design micro-chip, based on acoustophoresis and fabricated in silicon using wet etching process [8] .
Their experiments with Prostate cancer cells spiked in WBC enriched blood exhibits 86.5 ± 6.7% recovery of the cancer cells which subsequently improves to 94.8 ± 2.8% with the increase in acoustic intensity but with more contamination with WBC.
Hur et al. employed hydrodynamic flow separation technique in microchannel with sudden expansioncontraction using size of the cell as a biomarker [9] (Figure 5 ). The approach utilizes irreversible migration of particles into microscale vortices. The microfluidic device is fabricated in PDMS using soft lithography. The capturing efficiency for breast cancer cells (MCF-7) and cervical cancer cells (HeLa) are reported respectively 23% and 10%; which is substantially less compared to the filter based techniques discussed above. 
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Based on the observation by Segre and Silberberg [10] , it is known that particles migrate laterally and attain the equilibrium position inside the flow conduits based on their sizes. Accordingly, smaller particle migrates towards the wall while larger stabilizes near to the center of microchannel. This phenomenon is affected by the ratio of particleto-channel diameter which is further validated by the microfluidic community. Extensive research is carried out to understand this lateral migration. Recently, research community started exploring the possibility of using lateral migration of particles along with the dean vortices to separate the rare biological cells for disease diagnosis. For an illustration, Warkiani et al. proposed another labelfree approach for continuous separation of cancer cells from the whole blood [4] . This is the size based hydrodynamically particle separation method employing dean vortices. Spiral microchannel with appropriate dimensions and having two full turns fabricated in PDMS using soft lithography. Blood with RBC lysis and CTC pass through the microdevice in which CTCs are separated at the inner wall and rest flush out from the outer wall of the spiral microchannel ( Figure 6 ). This device reported to separate ≥85% of the cancer cells. 
conclusions
The rise in cancer related diseases worldwide forced the biomedical industries to explore the unconventional diagnostic methods. Separation of unknown circulating tumor cells from the blood without use of antibodies is foremost challenge in this direction. However, evolution in the field of microfluidics brings out various promising techniques to separate CTCs in last decade. This article reviewed some of the techniques that are antibody-independent and governed by size, shape, deformability of the CTCs. In this direction filter, electrophoresis, acoustophoresis and inertia based methods are discussed. Filter based microdevices are simple passive device but prone to the issue of clogging and therefore not suitable for continuous separation application. Electrophoresis and acoustophoresis are active techniques integrated with complex external circuits to generate respectively electric and acoustic fields. Spiral microchannel based technique is a very simple passive technique solely governed by the size of CTCs. This can be used in parallel to increase the throughput and in series to enhance the purity. Based on the literatures it seems that spiral microchannel based designs are more promising in developing future lab-on-chip or optimistically point-of-care (POC) microdevice.
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